(43) International *ubli^tipn Date 




pO) iht^rnationaifeub^ 



Claire 



International lEiliiig Date: i ■■ 



English 
English 



liiiiipSiiSi!]] 

: '«):;'Ai>trt^ minted Mates: ^except;^ US)x, ■ 

I lp> ilrivc^ Bergagatan 30, 

| '-^Mitte^ I^^VI, Ernst 

■ • ="|Iffj^^ : 

^7^^ MP^S? penis 



lli|S|||||li 

^1) Designated Stat^ AU, 

■ ^ 

(84) Designated States ^to^ 
patent (^BE^^^ 



1® mm^onal seqrchmpGriK 



liil! 

IS! 

■ 



III 

ill 

mm 

am 




Illi^ 

^ Abstwctr The invention 



wom/ioiH)^^; A3 llHIirill'lllilliri'JllllI'llllilllllilllll 



siliiitiliiiSi'"^ 



lI!Siiil ; l!Sill:l|S||^ 

S;lSillllllllf|l|lll 

illlllliilllllllllH 

IIPPIIIIIM 

ll!i" : illll||l; : :lli|3^ 

l!!flll;:;:illililllj|lll^ 
lllylllSypilllill 

IllSlillilllllllllll^ 

illllM 

lllSillilSiilSli^llIB 
liiSllllfillljllS^ 

|;||' : i ; :;:p!;||l 

iiiipiii^^ 

lill^llsllSiiliilllllliil! 

ISililllliSIISM 



SPl|llllS:|=lll|Ppll 

pllill|§^^ 

ISlllllll^ 

iillSlllSll||j|lilllSil5^ 

liSiisi'iiiiSiiii 

iilllllilllllliiilillliw 
lIllltllliii^iSMlliH 

iillilliiilil^ 
I!1I!1S111|1H^ 

siiiiiSiisiiipiiiSM 

illililiiisiiB 

lllllllillil^ 



WO01/20Q03 



PCT/EPOO/09896 



i^i-;llSI|?^if 

lllllll 

IlllllllllllH 
illilillllllllSIIH 

llllllilll 
!;IIIIIIiilllS!i||iB 

IIIIIIIIH 

SllSllSllSiiiii|lll||:iliSIl 

liisiisiiiiii 

Siiiiiii||isiiiiiiiiiiiiiiiii 

liiiiiB 

illl;ISllllSlM 
Illiiil/llliilliS^ 

iiillllllllilllll 

fllSIIIII 

lllsllllJlliSIS 

liiiiiiiiii^ 

llllllllll^^ 

iiiiiiiiiiiiiiii 

iilfll|ll!!!|l^ 

illliliilliS 

|l:lli;lllliSIIlilll 

illliSllllfi^ 
lllllllllllillll 

lllllftP^ 
Illlliilli 



Iltt 



I1| : :1S||||1S|1H 
II131;I!111ISS;|W|II 

iiiiiii^ 

liilll^ 

llSlllilliSIIIB 

IlllSSilllllllll 
lllllS!llllll||||i|BH 

IIIIIIM 

SlllS^ 

llillllllll 
IlllliSSlISS! 

iiiiiiSiiiiiiH 
IliSiliiSSllSlSSllH 

SllSlllillll^ 
|||;||||||;[||| 

lilllllllSlli;S:I|S|||llllH 

lllllt^ 

lllllllSlllllS||I||iii 

l!"li;li!l|lilllS 

lllillH 



iKIlllili^ 



SIIIIS^ 

liliii;isiii||||iiiiiiiii 

|||S!lil 

1111 

lSli!i ; llilllll!ll 

jIlllillllilSlllH 

lililiilllillli^ 

111SSSM 

IlllSiiiilillSIl 

llillliiilililillllfliB 

IIIIIISII 

iii:iiiiSiiii|ii||is 

il§|iis!s|jjll 

IllliilH^ 

ffliiiiliSiiS 
liSiiiiiiiiiisiiiiiiiii 

iiiiiiiiiiliilliii 

llillllljliilH 
IIIIIIIB^ 

liillillllil 

llllllliiill 
llSlllllliH 

IlllllSiiiffl^ 



WQ01/20003 



7 



PCT/EPpQ/09896 



liiiiH 

liiiiiM 



iiiiiiiiisiiis 

lilli:]!::^ 
:;|1|1:::1§|:I:I1 

llllllllllllll 

illllliilllll^ 
lllllllll^ 

§!!!!j!!!!!!!!!!g|||||llil 

iliiiiSIli 

Illlll:ll!;3lll:ll^ 

llllllliliB 

IISIIBIH 

liiii 

ISlllilH 
IIIIISIIIIIilH 

[ijiiiH 

IIIIIIIIIS 

lilB 

IIS1I1IH 

lllilillSliiH 

IllSSIlliB 

SilliSiiiniii 

llllillllM^ 

Ili||l|S|l|jlll|lllll 

Slllf;ll!18^^ 
l|il|f;;||i|llll;| 



liiiisiiffl 



;;:1S::!f;|liSii:illi 

iilfiiiiLllilll 

iiiii-iiiii^ 

llllllj^^ 

lllll||ll||||lB|l|ffl 

lllllillllilM 

^iillllllilllillllllp 
liljlH 

llllllSlIlllillli^ 

liillllllllllffi 

iSllslllilllH 

iliii 

IlllSllllli 
lllllllli^^ 

illSililSilllll 
IllllSllllilllS! 
lllllllllllliB 
lIllSllllllllH 

lllllllll^^ 

llllSlllsiiiiliiillllillliill 

SISIIIISSIH 

!ilii!i!ll!l@ii!l|p 

I1IIIII1ISH 

lEtillllillB 

lililllillllllllilli 

iiiiifiiiH^ 

lifllllll^ 

iiillilSSlliilis 
llllllliliiiilB^ 

llllllllllS 



WO pl/20003 



9 



PCT/EP0W9896 



lllllllij^^ 

ipiiiii;iiliiliiiissiit 

Sllllll!li!illlB 

lllllllllllH 

liiliiiiliililH 

llllllllllliliillllSS 

lillllllM^ 
iiiilliilllliiilll! 

IIISIIIHIIs 

;I||||1IISI|| 

lillllllll^ 

llllllllli^ 
3ll:;l^lili|plljil 

iillllllisiilill 

SilSllllllllliH 
lllllllllijlH 

■SI!Slll!!!3lliSill|SIIll!B 

lilllll^^ 

^IllillllllSiS 
illlllllilB 

iiiiiiisiiiisis 

IjilllljHi 

llllllllllllllllllllilj 

l||lll|ji||llllllllB 

!:li!ii:!li!§!|j 

llltlllllfi^^ 

IllllliH 



IIIIS1B 

lllllllililllll 

III1I1ISK 
:!;SlflllH^ 

Illlll^llSlilllilllllllli^ 

IllllllfS 

IIIIIIIIR 

iiissiisissiSiiiiiifflliiiH 

^ : ^' : ry- funeti^ : or.|;72|:; s^buni;t: ; ; ; df: : : : ;lplPfci ; |a^; : F defined;; : 

lllllllililllll 

lllSlllllll!lllll|||lSlll!l 

Billl 

eIIIISIIIIIIII 
lliliiliillllllillffilB 

;SSiati^ ... 

: : :;|: : :l: 

111 

illllSIIISI 

Piiiiiiiiiiiiiiiiiiii^ 

lii^iiiiiiiiisss 
iiiiiiiiiiiiiiiiiij 

IIIIIIM 

llilllllllllllSllSilfflll^ 
yillSllllSllillillillllllllll 

BIB 

lilsllllllllllllll^ 

ll|l|:l:l|||SlSi|l 

||i:ll|||ll|llij|gl 

illllSSillllllil 



WO:dl/20D03 



PCT/EPOO/09896 



||2l|||||||;||| 

iiiisililjliiiiiiiii 

lljlS^ 

illiliiiiii 

iiiisiiiiiiiiiii 

llll|lll|i;IlilSl|lllilllli;ll|l 

!!iiii!iii§3 

|||:llllllliilllSlSll|l 

llllllsilp 

1111 

IlllllililIIlIIIll^ 

llllS^lliSIIIllSllsllIllliB 

llliliSSIiH 

lilllH 

llllllll||llllllilllSl!lI1118^ 

SlslSlSililllllllllSlllilIll 

1IIB 

liilSHl^ 

|lllltlSi!lll[l!lliSlilp 

Iiills!lill:ll||lli 

|jllll|||[B|igl 

llllSlSlilllllSlllllSISlfflS^ 

SlSSillislpliillSs 

£::lllllllll|Ii|l!lH 

lSllil!i!!l!!lli 

:lllllll||ll|i|llllllifflil 

IIIH 



WQO1/200D3 



12 



PCT/EPOO/09896 



iliSilill;:!! 

illlllylS 
lllllpllllH 

llllllllllW^ 

111I1SIIII 

illlllliliiiiiiiiiiis 

li:ll|3ll:l;||Il|llft 

iililiili 

IIIIIIllllllllB 
IIIllflllilllllllM 

IISIS 
llllllIM^ 

llllfll 

I||||f[.;ll|ll|g 
ll!!j|lllli|ISIIilS 

!lilllif!ll!|S 
IlilllM 

f:;lllSSlSllllll|lIlllliSSll 

llillllsSillIlllllllptll 

lllllllll^ 

ItSlljllllll^ 

iillllllSl 

llllllllllHISS 
lllllllll^ 



WO 01/20003 



13 



PCT/EPOO/09896 



functionally altered mutant having a mutation in the 
first CBS domain of a y subunit of" AMPK, and able to 
recognise said variant or functionally altered mutant may 
also be obtained* 
5 As shown herein, mutations in a y subunit of 

AMPK, and particularly mutations in the first CBS domain 
of a y subunit of AMPK are likely to cause disorders in 
the energy metabolism (e.g. diabetes, obesity) in 
vertebrates, including humans. Further, mutations in the 
10 first CBS domain or other parts of the PRKAG3 gene are 
likely to cause disorders in the muscular metabolism 
leading to diseases such as myopathy-, diabetes and 
cardiovascular diseases. 

The present invention provides means for 
•^5 detecting and correcting said disorders. 

More specifically, the present invention is^ 
directed to methods that utilise the nucleic acid 
sequences and/or polypeptidic sequences of the invention 
for the diagnostic evaluation, genetic testing and 
20 prognosis of a metabolic disorder. 

For example, the invention provides methods 
for diagnosing of metabolic disorders, more specifically 
carbohydrate metabolism - disorders, and preferably 
disorders correlated with an altered, in particular an 
25 excess ive , glycogen accumulation in the cells, resulting, 
from a mutation in a gene encoding a y subunit of AMPK, 
wherein said methods comprise detecting and/or measuring 
the expression of a functionally altered PRKAG3 gene, or 
of a functionally altered mutant of a y subunit of AMPK 
30 having a mutation within the first CBS domain in a 
nucleic acid sample obtained from a vertebrate, or 
detecting a mutation in the PRKAG3 gene or in a sequence 
encoding the first CBS domain of a y subunit of AMPK in 
the .genome of a vertebrate suspected, of having such a 
35 disorder. 
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According to a preferred embodiment of the 
invention, the disorder is correlated with an altered, in 
particular an excessive, glycogen accumulation in the 
muscular cells and results from the expression of a 
5 functionally altered PRKAG3 gene. 

The expression of a functionally altered 
Prkag3 , or of a functionally altered mutant of a y subunit 
of AMPK having a mutation within the first CBS domain may 
be detected or measured using either polyclonal or 

10 monoclonal antibodies specific for the functionally 
altered polypeptides of the invention, as defined above. 
Appropriate methods are lenown in the art . They include 
for instance enzyme-linked immunosorbent assay (ELISA) , 
radioimmunoassay (RIA) , and fluorescence activated cell 

15 sorting (FACS.) . 

The nucleotide sequences of the invention may 
be used for detecting mutations in the PRKAG3 gene or in 
a sequence encoding the first CBS domain of a y subunit of 
AMPK, by detection of differences in gene sequences or in 

20 adjacent sequences between normal, carrier, or affected 
individuals . 

The invention provides a process for detecting 
a mutation in the PRKAG3 gene or in a sequence encoding 
the first CBS domain of a y subunit of AMPK wherein said 
25 process comprises: 

- obtaining a nucleic acid sample from a vertebrate; 

- checking the presence in said nucleic acid sample of a 
nucleic acid sequence encoding a mutant Prkag3 , or a 
mutant of a y subunit of AMPK having a mutation within 

30 the first CBS domain, as defined above. 

According to a preferred embodiment of the 
invention there is provided a method for detecting a 
nucleic acid sequence comprising a mutation in the PRKAG3 
gene or in a sequence encoding the first CBS domain of a y 

35 subunit of AMPK wherein said process comprises: 

- obtaining a nucleic acid sample from a vertebrate; 



WO 01/20003 



15 



PCT/EPOO/09896 



- contacting said nucleic acid sample with a nucleic .acid 
probe obtained from a nucleic acid of the invention and 
spanning said mutation, under conditions of specific 
hybridisation between said probe and the mutant 
5 sequence to be detected; 

detecting the hybridisation complex. 

Preferably, the process of the invention 
further comprises, prior to hybridisation, PCR 
amplification from the nucleic acid sample, of a sequence 
10 comprising at least the portion of the PRKAG3 sequence or 
of the sequence encoding the first CBS domain of the y 
subunit of AMPK wherein the mutation is to be detected. 

Methods allowing the specific hybridisation of 
a probe only with a perfectly matching complementary 
15 sequence, and useful for the detection of punctual 
mutations are known in the art . They include for instance 
Allele Specific PCR (GIBBS, Nucleic Acid Res., 17, 2427- 
2448, 1989), Allele Specific Oligonucleotide Screening 
(SAIKI et al., Nature, 324, 163-166, 1986), and the like. 

2 0 A mutation in the PRKAG3 gene may also be 

detected through detection of polymorphic markers closely 
linked to said mutation. 

The invention J also provides means for 
identifying said polymorphic markers, and more 
25 specif ically polymorphic markers comprised within a 
genomic DNA sequence comprising at least a portion of a 
PRKAG3 gene, and up to 500 kb, preferably 30 0 kb, more 
preferably up to 100 kb of a 3/ and/or of a 5 ' adjacent 
sequence, 

3 0 Said polymorphic markers may be obtained for 

instance, by screening a genomic DNA library from a 
vertebrate with a probe specific for the PRKAG3 gene, in 
order to select clones comprising said nucleic acid 
sequence and flanking chromosomal sequences, and 
35 identifying a polymorphic marker in said flanking 
chromosomal sequences. The allele (s) of a polymorphic 
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marker associated with a given mutant allele of the 
PRKAG3 gene may also easily be identified by use of a 
genomic DNA library from an individual wherein the 
presence of said mutant allele has previously been 
5 detected by hybridisation with a nucleic acid probe of 
the invention. 

Polymorphic markers include for instance, 
single nucleotide polymorphisms (SNP) , microsatellites, 
insertion/deletion polymorphism and restriction fragment 
10 length polymorphism (RFLP) . These polymorphic markers may 
be identified by comparison of sequences flanking the 
PRKAG3 gene obtained from several individuals. 
Microsatellites may also be identified by hybridisation 
with a nucleic acid probe specific of known 
15 microsatellite motifs. 

Once a polymorphic marker has been identified, 
a DNA segment spanning the 'polymorphic locus may be 
sequenced and a set of primers allowing amplification of 
said DNA segment may be designed. 

The invention also encompasses said DNA 



20 



primers . 

Detection of a mutation in the PRJCAG3 gene may 
1 be performed by obtaining a sample of genomic DNA from a 
vertebrate, amplifying a segment of said DNA spanning a 
25 polymorphic marker by polymerase chain reaction using a 
set of primers of the invention, and detecting in said 
amplified DNA the presence of an allele of said 
polymorphic marker associated with said mutation. 

By way of example, polymorphic markers which 
30 may be obtained according to the invention, and DNA 
primers allowing the detection of polymorphic markers 
closely linked to the RN~ allele of porcine PRKAG3 gene 
are listed in Table 1 hereinafter. 

According to a preferred embodiment of the 
35 invention, the vertebrate is a mammal, preferably a farm 
animal and more preferably a porcine, and the mutation to 
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